The aim was to evaluate the impact of a multifaceted set of medication management interventions offered by a community pharmacy on adherence, health care utilization, and costs within a commercial population. Patients initiating therapy within 16 drug classes from February 7, 2013, to October 6, 2013, were offered various adherence interventions by Walgreens pharmacy. Patients were linked deterministically to IMS medical and prescription databases for 6-month pre-and post-index data analysis. Walgreens patients (intervention) were matched to patients using other pharmacies (control) on drug class, index date, baseline demographics, clinical factors, utilization, and costs. Outcomes were evaluated at the intent-to-treat level using post-index differences and generalized estimating equations (GEE) regression model. Paired t tests (continuous variables) and McNemar's test (dichotomous variables) were used to determine the significance of estimated model coefficients at a = 0.05. The groups (n = 72,410 each) had similar age (47.1 vs. 45.7 years), sex (41.2% vs. 40.2% male), and disease burden (0.52 vs. 0.40 mean Charlson comorbidity index). In the 6-month post-index period, the intervention group had 3.0% greater medication adherence, 1.8% fewer hospital admissions, 2.7% fewer emergency room (ER) visits, and 0.53 fewer mean outpatient visits compared to the control group (all P < 0.0001). The intervention group incurred significantly lower GEE-adjusted pharmacy costs (-$92), outpatient costs (-$120), ER costs (-$38), and total health care costs (-$226.07) (all P < 0.0001), and higher inpatient costs ($86, P < 0.004) per patient. A multifaceted set of medication management interventions offered by a community pharmacy were associated with patients in a commercial population having significantly higher medication adherence and lower health care utilization and costs.
Introduction N onadherence to medication is associated with increased hospitalization, progression of disease, and higher mortality. 1, 2 However, only about 50% of patients with chronic conditions take their medications as prescribed. 3, 4 Research has demonstrated that adherence can lead to lower health care utilization and total costs, 5, 6 and is associated with better health outcomes and decreased risk of hospitalization. 6, 7 Factors associated with nonadherence are complex and generally fall under the following categories: patient-related factors, health care system factors, condition-related factors, and therapy-related factors. 8, 9 Patient-related factors can be subdivided into demographic, socioeconomic, cultural, and behavioral factors. 10 The most commonly reported patientrelated reasons for nonadherence are forgetfulness and perception about side effects and drug efficacy 11 ; for example, interventions that incorporate pharmacist counseling, patient education, and reminder systems have been shown to improve medication adherence. 1, [12] [13] [14] Pharmacist counseling is important because although a patient's physician has a role to play in the patient's adherence to medications as prescribed, 15 from the health care system standpoint, the physician's ability to identify nonadherence is limited. 16 Community pharmacists are uniquely positioned to help mitigate the high risk of medication discontinuation and improve adherence for patients initiating therapy 14 because of their access to prescription refill information and frequent interactions with patients. Moreover, research has demonstrated that pharmacist-delivered interventions improve adherence to medications and clinical outcomes such as blood pressure, blood glucose, blood lipids, and cardiovascular risk factors. [17] [18] [19] However, the majority of pharmacist-delivered interventions to address nonadherence have focused on either (1) the socioeconomic and cultural aspects (ie, knowledge, attitudes, medication beliefs) 20, 21 or (2) the behavioral aspect (ie, forgetfulness, lack of self-efficacy). 22, 23 No known study has examined the impact of comprehensive interventions comprising pharmacist counseling, medication therapy management (MTM), and omni-channel sets of refill reminders on medication adherence, perhaps because of the substantial costs associated with such interventions.
Throughout its long history, Walgreens has implemented various adherence programs in its more than 8100 locations in the United States. The programs-proactive and reactivewere designed to address the following reasons for nonadherence: (1) socioeconomic and cultural (ie, knowledge, attitudes, medication beliefs); (2) behavioral (ie, forgetfulness, self-efficacy); and (3) provider (ie, communication, relationship with patient). For new-to-therapy patients, these programs include pharmacist-initiated calls and consultations; for patients continuing therapy, they include MTM consultations, automated refill reminders, pickup reminders, and late-to-refill reminders or face-to-face consultations. The overarching goal of these programs is to help patients get and stay on their medications while enhancing their experience by incorporating convenience and improved satisfaction. Thus, the objective of this study was to evaluate the impact of this multifaceted set of interventions on adherence, health care utilization, and health care costs.
Methods
Patients initiating therapy within 16 drug classes were offered various adherence interventions by a community pharmacy between February 7, 2013, and October 6, 2013. Targeted drug classes included antianginal agents, antiasthmatic and bronchodilator agents, anticoagulants, antidepressants, oral antidiabetics, antihyperlipidemics, antihypertensives, antiparkinson agents, beta-blockers, calcium channel blockers, cardiotonics, diuretics, endocrine and metabolic agents-misc., genitourinary agents-misc., hematological agents-misc., and thyroid agents. These drug classes were selected because they represented approximately 70% of the community pharmacy's prescription fills across all maintenance drug classes for chronic conditions management, and were thought to be clinically amenable to pharmacist intervention. New-to-therapy patients, identified by the pharmacy system, were eligible to receive an initial pharmacist consultation that could be conducted at the point of sale, when patients picked up their new medication, or over the phone within 3 days of prescription pickup. During the initial consultation, whether conducted face-to-face or over the phone, the pharmacist utilized motivational interviewing technique to determine the patient's confidence and commitment to following the prescribed treatment regimen, address any questions and/or concerns the patient might have, and discuss fitting medications into the patient's daily routine. Patients who completed the initial counseling session, and were not excluded because of self-report of prior use of a medication within the same drug class, were eligible for a follow-up counseling session to be completed at their second fill. The second counseling session reinforced messages from the first; the pharmacist inquired about the patient's experience during the first period of treatment and focused on removing any barriers to adherence. On average, the first consultation lasted 3 to 5 minutes, and follow-up consultations were 1 to 2 minutes in length.
Patients eligible for the new-to-therapy consultations had the opportunity to participate in other adherence programs available to patients on chronic maintenance medications. Pickup and refill reminders were proactive tools that motivated members to get their filled prescriptions, whereas late-to-refill consultations and reminders were reactive tools aimed to get patients back on track after a missed refill opportunity. Some patients also were eligible for MTM consultations aimed to address issues arising from polypharmacy, preventable adverse drug events, and inappropriate use of medication.
Data sources and patient selection
This retrospective cohort analysis was conducted using a data extract comprised of: (1) Patients in the intervention group were linked deterministically to the PMTX+ and LRx databases so that pharmacy and medical claims data could be analyzed for patients with at least 6 months of pre-and post-index continuous eligibility. A patient's drug class-specific index date was defined as the date of the first prescription fill for a medication within that drug class. The control group was matched to the intervention group using a combination of exact and propensity score matching to ensure balance in terms of quantifiable factors that affect the outcomes of interest and, as such, mitigate selection bias. The exact match was based on each of the 16 drug classes, index period-4 index periods in 2013 were used: February and March, April and May, June and July, and August, September, and October; and matched pairs were required to have an index date within the same index period-and geographic region. The propensity score matching included a 1:1 greedy algorithm without replacement, with a caliper of -0.1 standard deviation. Variables used for the propensity score matching included age groups, sex, health plan type, pre-index total costs, out-of-pocket cost for the index prescription filled, unique count of drug classes within which the patient had a prescription filled, pre-index 30-day adjusted fill rate, preindex generic dispensing rate, and pre-index comorbidities. Balance between the intervention and control groups was assessed using standardized differences of £0.1 24 in means or proportion.
Outcomes assessment
Study outcomes included medication adherence, health care utilization, and health care costs. Medication adherence was measured using pharmacy claims data. Adherence at the drug class level was quantified using proportion of days covered (PDC), calculated as the number of days with medication(s) within the same drug class on hand divided by 183 days. Overall patient-level adherence was quantified using days' supply-weighted PDC across all drug classes utilized. Patients were considered adherent if their PDC was ‡80%, a commonly used threshold to define adherence. 25 Health care utilization and costs were assessed using several components of medical and pharmacy claims data-inpatient, outpatient, and emergency department. Utilization was quantified using proportion of patients with ‡1 hospital admissions, number of inpatient hospital stays, total inpatient days, total outpatient visits, proportion of patients with ‡1 emergency room visits, total emergency room visits, total number of prescriptions filled, total number of unique drug classes for prescriptions filled, 30-day adjusted fill rate, and generic dispensing rate. Health care costs per patient were quantified using pharmacy cost, medical cost (ie, inpatient costs, outpatient costs, emergency department costs), and total health care costs (ie, the sum of pharmacy and medical costs). Costs were calculated using allowed dollar amounts, the discounted amounts negotiated by the health plans with physicians, hospitals, and other health care providers in their networks.
Statistical analysis
Outcomes were compared between the intervention and control groups at the intent-to-treat level. Descriptive analysis included assessment of 6-month pre-index differences in demographic characteristics, clinical factors, health care utilization, and costs between the intervention and control groups. Unadjusted program effects were assessed using differences in outcomes-adherence, health care utilization, and costs-between the intervention and control groups at the 6-month post-index period.
Generalized estimating equations (GEE) model with unstructured correlation matrix was used to control for extraneous confounders, adjust for persisting imbalance in some variables after propensity score matching, and improve the validity of estimated program effects. This multivariable regression modeling approach to paired data is commonly used for improved adjustment of prognostic covariates and estimated treatment effects. [26] [27] [28] The GEE model accounts for clustered or correlated outcomes-a likely occurrence with repeated measures and matched observations-in addition to nonlinearities of covariates and correlated error terms. The repeated measures-hence correlated nature of observations-stem from the likelihood that the same patient may be new to therapy under multiple drug classes of interest. The GEE estimates are robust to the specification of the correlation matrix, and are consistent under mild regularity conditions. 29 All analyses were conducted in SAS version 9.3 (SAS Institute Inc., Cary, North Carolina); paired t tests for continuous variables and McNemar's test for dichotomous variables were used to determine the significance of estimated model coefficients at a = 0.05.
Results
A total of 4,378,857 intervention patients initiated therapy within the 16 drug classes, and of these, 2,512,748 (57.4%) patients completed at least 1 pharmacist consultation. The study sample attrition by reason is presented in Table 1 . Overall, a total of 528,466 patients (99,977 intervention patients and 428,489 control patients) met the inclusion criteria for the initial samples included in the study. These samples were used for the assessment of baseline differences and subsequent matchings (exact and propensity score).
There were significant differences between the intervention and control groups across all of the evaluated baseline demographics, clinical characteristics, and baseline health care utilization and costs. Patients in the intervention group were significantly older (mean age: 48 vs. 39 years; The exact and propensity score matching led to a final sample of 72,410 matched pairs used for subsequent assessment of postindex outcomes and program effects. Table 2 contains descriptive statistics for the post-match intervention and control groups (n = 72,410 each). Results show groups were well matched on many baseline characteristics of interest. But some significant differences remained (standardized differences >0.1) among the matched samples with respect to age, health plan type, certain comorbidities of interest, mean CCI score, emergency room visits, mean total number of prescriptions, mean number of unique drug classes for prescriptions filled, mean 30-day adjusted fill rate, and mean generic dispensing rate. These differences warranted that adjustments be made using the GEE regressions model to further mitigate potential biases.
Unadjusted overall adherence and utilization statistics in the 6-month post-index period are presented in Table 3 . The proportion of patients adherent (PDC ‡80%) during this period was significantly higher in the intervention group compared to control (difference = 2.0%, P < 0.0001). Unadjusted overall mean PDC also was significantly higher for the intervention group compared to control (difference = 0.030, P < 0.0001). Unadjusted drug class-specific mean PDC was significantly higher in the intervention group for antiasthmatic and bronchodilator agents, antidepressants, diuretics, and genitourinary agents (Fig. 1) .
Unadjusted health care utilization in the 6-month postindex period was significantly lower in the intervention group compared to the control group across all the domains evaluated. Table 4 shows results of unadjusted health care costs during the same 6-month period. A nonsignificant difference was observed in total unadjusted health care costs between the intervention and control groups (difference = $16, P = 0.7659). Lower medical costs in the control group (difference = -$117, P = 0.0107) were offset by higher prescription (difference = $133, P < 0.0001) and inpatient costs (difference = $94, P = 0.002). Table 5 shows results of the regressions analysis using GEE models. Adjusted PDC was significantly higher for the intervention group compared to control (difference = 0.018, P < 0.0001). After adjusting for baseline differences, probability of being adherent (PDC ‡80%) in the intervention group was 1.04 times that of the control group (P = 0.001). Adjusted health care utilization in the 6-month post-index period was significantly lower in the intervention group compared to control. (Mean number of prescription fills: 15.10 vs. 17.56; difference = -2.46, P < 0.0001; hospital days: 0.33 vs. 0.40; difference = -0.07, P < 0.0001; outpatient visits: 7.53 vs. 8.27; difference = -0.74, P < 0.0001; ¥: Standardized differences were used to assess balance between groups across variables. Balance was determined for differences £0.1.
emergency room visits: 0.18 vs. 0.23, difference = -0.05, P < 0.0001). Adjusted total health care cost was significantly lower for the intervention group compared to control (difference = $226, P < 0.0001). Significant cost savings were observed in the intervention group across all cost categories evaluated, except for inpatient costs (difference = $86, P < 0.0001). Furthermore, the 6-month adjusted cost savings summed across pharmacy, inpatient, outpatient, and emergency department costs was $164 per patient-a 3.0% reduction for the intervention group compared to control.
Discussion
Previous studies on the relationship between adherence and health care utilization and costs have demonstrated that higher adherence is associated with reductions in health care 
FIG. 1.
Unadjusted drug class-specific adherence (mean proportion of days covered) in the 6-month post-index period. The Ns represent total patient counts for intervention and control groups. * denotes significant difference between intervention and control groups at a = 0.05. utilization and costs. 5, 30 In the present study, this relationship was assessed for patients initiating therapy within 16 drug classes, using a large US commercial health plan claims and eligibility database. New-to-therapy patients engaged in a variety of adherence programs offered by a large US community pharmacy were compared to similar patients of other US pharmacies.
Study results showed that overall unadjusted medication adherence was significantly higher by 3%, with total costs not significantly different in the intervention group compared to control. All measures of unadjusted utilization and costs, except inpatient and pharmacy costs, were significantly lower for the intervention group compared to control. Results of the adjusted model also showed adherence was significantly higher by 1.8%; and all measures of cost, except for inpatient, were significantly lower with a significant 6-month total health care cost reduction of $226.07 per patient in the intervention group compared to control.
Based on the study results, an actuarial model was developed to estimate the per-member-per-month (PMPM) savings in a theoretical commercial health plan population of 1 million members. Key assumptions of the model included the community pharmacy's market share, its estimate of members expected to be new to therapy under any of the 16 targeted drug classes based on the community pharmacy's own data, number of members expected to utilize any medication over a 1-year measurement period based on research evidence, 31 and National Health Expenditure's average gross annual health plan costs. The model used inflation indexes from the United States Bureau of Labor Statistics to adjust cost estimates from this study, and other cost parameters from earlier years, to 2015 levels. The estimated savings associated with the community pharmacy's multifaceted set of adherence interventions-based on the assumptions that its share of the health plan's member population will range from 15% to 35%, 29% of its members will be new to therapy under any of the 16 targeted drug classes, and 68.1% of its members will utilize medications for treatment of chronic and acute health issues in 2015-ranged from $0.58 to $1.57 PMPM.
Questions might arise as to why the adjusted pharmacy cost was lower in the intervention group when adherence MEDICATION ADHERENCE AND HEALTH OUTCOMESwas higher. It is important to note that although adherence measures were only specific to the 16 targeted drug classes of interest, pharmacy costs were for all medications utilized. The drug class-specific adherence results show the intervention group had significantly higher adherence to antiasthmatic and bronchodilator agents compared to control ( Fig. 1 ; PDC = 0.39 vs. 0.25, P < 0.001). For conditions such as asthma and chronic obstructive pulmonary disease, it is possible for pharmacy cost to decrease with higher adherence because of improved symptoms control and lung function, leading to reduced use of additional drugs from complications (eg, oral steroids, antibiotics). 32, 33 For other conditions such as diabetes, hypertension, and hypercholesterolemia, research has demonstrated the association of higher adherence with improved clinical outcomes, [17] [18] [19] which also could lead to decreased use of additional medications and lower pharmacy cost.
It is important to note that several limitations exist in the present study. First, adherence was measured based on pharmacy claims data, which only show that a prescription was filled. It is unknown whether the prescription was taken as prescribed, which by definition is adherence. Second, the PMTX+ database used to assess the outcomes and predictors of interest is mostly representative of a commercially insured population, and as such the study findings might not be generalizable to other US insured populations (eg, feefor-service Medicare and Medicaid). Third, as with all nonrandomized observational studies, other unobservable factors have the potential to confound the results of the present study if they were correlated with the outcomes and predictors of interest, to the extent that such factors could not be assessed within the PMTX+ database. Fourth, patients with multiple comorbidities may have been utilizing medications for other conditions before initiating therapy under any of the drug classes of interest in the present study. As such, the timing of the estimated impacts of adherence could be accumulative, spanning longer than the 6-month period specified in the analysis. Lastly, this study assesses the overall impact of a multifaceted set of interventions and does not measure the incremental impact of individual programs. Previous studies have examined the impact of reminder systems [34] [35] [36] and pharmacist counseling for patients new to therapy.
14 Further research is recommended to examine the incremental impact of individual interventions within different drug classes.
Conclusion
A community pharmacy's multifaceted set of adherence interventions were associated with patients having significantly higher medication adherence and lower health care utilization and costs within a commercial population. The study findings are consistent with those of other studies demonstrating the impact of pharmacy-driven interventions on medication adherence and patient outcomes. 14, 37, 38 Modifiable patient factors demonstrated to be associated with nonadherence to medications include knowledge, attitudes, or medication beliefs, 20, 21 forgetfulness, 22, 23, 39 and lack of medication self-efficacy. 40, 41 The community pharmacy's interventions were carefully designed and implemented to address these factors, and to provide support for patients throughout their chronic conditions management journey.
Overall, this study demonstrates how a community pharmacy can help payers improve population health and help manage total health care costs. Given the study findings, payers and patients should consider participating in comprehensive adherence programs that include counseling, reminders, and the opportunity to engage in multiple regular interactions with pharmacists to improve medication adherence.
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